Abstract -Detailed spectral analysis of photon scanning tunneling microscope images has been carried out. The analysis of spectral mode-beat phenomena leads to an accurate determination of modeprofiles and gives evidence of counterpropagating modes.
I. INTRODUCTION
Recently, the Whispering Gallery Modes (WGMs) of a cylindrical integrated optics microcavity (MC) have been mapped with a photon scanning tunneling microscope (PSTM) [ 11 with unprecedented high spatial and spectral resolution [2] . From these measurements not only the Free Spectral Range (FSR) of the WGMs could be obtained [3] , but also spatial and spectral mode-beat have been observed [4] . Both polarization conversion and counterpropagation could be explained fiom analyzing the spatial mode-beat [4] . In this paper spectral mode-beat phenomena will be discussed. The inclusion of spectral mode-beat allows for resolving the WGMs spectrally and gives a deeper understanding of the propagation characteristics.
WHISPERING GALLERY MODES IN A MICROCAVITY
The field in a microcavity probed and excited by a straight waveguide (see Figure 1) can be expressed as a geometric sum over the WGMs. WGMs can be described by the polarization state, slab order k, radial order 1 and the angular propagation constant [4] , The microcavity under consideration has a radius (R) of 64 pn and is realized in a Si3N4/SiOz layer-system on a Si substrate [ 6 ] , [7] .
I11 SPECTRAL MODE-BEAT
From analyzing the field in a microcavity at a fixed radial position as a fimction of wavelength, an expression for the spectral mode beat period between two modes (a, b) with common origin (point B in Figure 1 ) can be found:
(1) Besides the peaks with periods around 0.5 nm, which correspond with the FSRs of the TE and TM polarized WGMs, a peak with a period around 1.1 nm has been observed. This peak is attributed to the spectral modebeat between counterpropagating modes (Ahbeat=l .02-1.09 nm). and variable radial position, the Fourier spectrum as function of the radial position can be calculated. Taking a fixed period corresponding with the FSR of a mode, it is possible to extract its modeprofile. The intensity profiles resulting fiom the spectral mode-beat between two modes can be obtained analogously, just by fixing the corresponding period. In order to resolve the modes of different radial order a scan range larger than 100 nm is needed, which is not available with the set-up used. As an alternative, we analyzed a wavelength-averaged radial intensity profile as given in Figure 3A . The resulting intensity profile is not only a superposition of the modeprofiles, but also contains a contribution from the spectral mode-beat. From comparing the wavelength-averaged intensity profile ( Figure 3A ) with the calculated modeprofiles ( Figure 3B ) it can be concluded that the calculated maxima of the TE03 and TEOl modes agree well with the wavelength-averaged intensity profile. Moreover it can be concluded, fiom comparing Figure 3R with Figure 3B , that the TE02 mode has not been excited. The calculated maximum of the TEOO mode is somewhat to the left of the corresponding maximum in the wavelength-averaged intensity profile. Combining the radial intensity profile of the TE00-TE01 spectral mode-beat ( Figure 3C ) with the modeprofile of the TEOO mode results in a peak shifted to the right, which is in much better agreement with Figure 3A .
VI CONCLUSIONS
Counterpropagation of WGMs has been shown spectrally. It is shown that both the modeprofiles and spectral mode-beat intensity profiles can be extracted. The inclusion of spectral mode-beat phenomena in the analysis of PSTM measurements of MCs enables an accurate analysis of the intensity distribution and the propagation characteristics. The spectral analysis is consistent with the results of the spatial analysis [4] .
VI1 ACKNOWLEDGEMENTS Fundamental Research on Matter (FOM).
This work is supported by the Dutch Foundation for
